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SEMCONDUCTOR MEMORY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of application Ser. No. 
11/197,485 filed Aug. 5, 2005 now U.S. Pat. No. 7,184.318. 

CLAIM OF PRIORITY 

The present application claims priority from Japanese 
application.JP 2004-240594 filed on Aug. 20, 2004, the con 
tent of which is hereby incorporated by reference into this 
application. 

FIELD OF INVENTION 

The present invention relates to the field of semiconductor 
memory devices, and more particularly relates to a low-cost 
and highly reliable semiconductor memory device. 

BACKGROUND OF THE INVENTION 

Flash memories which are nonvolatile have been used 
widely as a semiconductor memory device for portable data 
storage. The price per bit of a flash memory has been coming 
down yearby year and the downward trend is more rapid than 
the trend expected from the reduction of memory cell size. 
This is due to ideas for the structure of a memory cell and the 
introduction of multilevel storage into a memory cell. A prior 
art of a high density flash memory for use infiling is described 
in, for instance, F. Arai et al. IEEE International Electron 
Devices Meeting, 2000, P. 775-778 and T. Kobayashi et al., 
IEEE International Electron Devices Meeting)", 2001, pp. 
29-32. F. Arai et al, IEEE International Electron Devices 
Meeting, 2000, pp. 775-778 describes the achievement of a 
small memory cell area which is being called a NAND type. 
The latter describes the achievement of multilevel storage 
operation which performs multi-bit storage by controlling the 
number of electrons stored into a floating gate, which is being 
called an AND type. Both have the effect of reducing bit cost. 

Moreover, B. Eitan et al., International Conference on 
Solid State Devices and Materials, 1999, pp. 5822-524 
describes an example of another multilevel storage. This is an 
element in which SiN is used for a memory region and charge 
injection is performed by hot electrons. What is employed is 
the phenomena where hot electrons are created in the vicinity 
of the drain edge and where charges stay around the area 
where charges are injected because they are trapped at the SiN 
trap. Both the source edge and the drain edge are used as 
charge trapping layers by exchanging the Voltages applied to 
the source and drain. Since a large current flows in this pro 
gramming technique, it is not suitable for use in filing in 
which multi-bit simultaneous programming is performed 
because of limitations in the current drivability of the power 
supply. JP-A No. 156275/2001 discloses program operation 
by source side injection in which programming is possible by 
a lower drain current. F. Arai et al. IEEE International Elec 
tron Devices Meeting, 2000, pp. 775-778 describes an opera 
tion, in which an inversion layer formed underneath the assist 
electrode is used as a wiring, as a technology which is com 
patible with the assist electrode for source side injection and 
a small cell area. 

Flash memory has achieved a bit cost reduction greater 
than the reduction of memory cell size by decreasing the 
patterning size as a result of ideas for the structure of an 
element and the introduction of multilevel storage. Addition 
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2 
ally, applications which handle big files such as music files 
and animation, etc. have broadened with the increase in the 
density of a flash memory. Therefore, it is expected that there 
will be a rapid increase in demand in the near future for flash 
memory which has a high density and fast programming 
speed. 

However, a NAND type element structure is coming closer 
to the area 4F per cell which is the logical limitation of a 
planar structured memory cell, and it is difficult to reduce the 
cell area by performing some more ideas for the structure. 
Therefore, it is necessary to promote multilevel storage in the 
future. At the same time, since it is a means for programming 
according to the Fowler-Nordheim (hereinafter, it is abbrevi 
ated as FN) tunnel, there is a problem that programming is not 
fast enough and a large Voltage has to be used. 
On the other hand, an AND type uses a hot electron pro 

gramming technique, and high-speed programming is pos 
sible. It is also suitable for simultaneous programming of 
many cells because it is hot electron programming according 
to the method of source side injection. Additionally, since the 
array structure is connected in parallel and not connected in 
series such as a NAND type, it is not easily affected by the 
stored information in another cell and is suitable for multi-bit 
storage per cell. However, there is a problem. The problem is 
brought about from the viewpoint of the cell area. That is, 
since it has an array structure in which the diffusion layers are 
lying in parallel, the pitch in the direction perpendicular to the 
word line is not easily decreased caused by the broadening of 
the diffusion layer and the isolation region. 

Y. Sasago et al., IEEE International Electron Devices 
Meeting, 2003, p.29-32 discloses, as a means to solve this 
problem, an operation method in which an inversion layer 
formed underneath the electrode lying parallel to the data line 
is used for the wiring. 

SUMMARY OF THE INVENTION 

The following is a detailed description of an operation 
method disclosed in non-patent document 4 using FIGS. 1 to 
4. FIG.3 is a top view of a memory mat, and the cross-section 
at the position A-A corresponds to FIG.1. Moreover, FIG. 4 
is an equivalent circuit corresponding to FIG. 3. 

FIG. 1 is a cross-sectional structure of a memory element 
described in non-patent document 3. It has a triple well struc 
ture in which an n-type well region (NW) is provided on a 
p-type silicon substrate (SUB) and a p-type well region (PW) 
is further provided therein. Assist electrodes (AG0 to AG3) 
composed of n-type polycrystalline silicon to control the 
voltage of the surface of the silicon substrate and a control 
electrode (CG) composed of a stacked structure of n-type 
polycrystalline silicon and W (tungsten) are provided, and 
this control electrode (CG) also works as a word line. Charge 
trapping regions (FG0 to 5) composed of polycrystalline sili 
con are provided through the insulator film (OX1) composed 
of 8 nm thick SiO, provided at the surface of the silicon 
substrate (SUB). A SiO, insulator film (OX2) composed of 10 
nm thick SiO is formed between the charge trapping regions 
(FG0 to 5) and the control electrode (CG). Moreover, an 
insulator film (OX3) composed of 7 nm thick SiO is provided 
between the assist electrodes (AG0 to AG3) and the silicon 
substrate (SUB). Such astructure is repeated in a memory cell 
array. Moreover, there is a feature that a groove filled with an 
insulator film which is generally provided for the isolation is 
not provided in this cross-section. Furthermore, the surfaces 
of the silicon substrate (SUB) underneath the assist electrodes 
(AG0 to AG3) and underneath the charge trapping region 
(FG) have different impurity concentrations. 



US 7,471,563 B2 
3 

FIG. 3 is a top view of a memory mat. Metallic wirings are 
omitted to make the explanation easier except for necessary 
parts. The base unit (hereinafter, it is called a memory mat) is 
assumed to be a structure in which n+1 (for instance, 256) 
word lines (WL0 to WLn) are repeated in a direction perpen 
dicular to the drawing, and the assist electrodes (AG0 to AG3) 
are bundled (CT2) at the both ends for every four pieces, 
thereby, it is possible to apply Voltages independently to the 
assist electrodes (AG0 to AG3). At the edge parts, there is a 
groove filled with an insulator film for the isolation, and the 
active regions are insulated from each other. Moreover, there 
is a feature that a structure exists in which the assist electrode 
(AG0) and an n-type impurity doped active region (diffusion 
layer region) (LO) overlap each other. However, the assist 
electrode (AG0) and the active region (diffusion layer region) 
(LO) are insulated by an insulator film formed on the surface 
of the silicon substrate (SUB). This active region (diffusion 
layer region) is connected to the metallic wirings through the 
contact structure (CT1). According to this structure, in the 
case when an inversion layer is formed at the surface of the 
Substrate underneath the gate by applying a positive Voltage to 
the assist electrode (AG0), it is possible to apply a voltage to 
the inversion layer from the metallic wirings through the 
active region (diffusion layer region) (LO). Moreover, an 
overlapped region with an n-type impurity doped active 
region (diffusion layer), a contact structure which Supplies a 
Voltage to this region, and wirings are also provided in the 
other assist electrodes (AG1, AG2, and AG3). A select MOS 
transistor is formed of a gate electrode (STD and STS) exist 
ing between the active region (diffusion layer region) (LO) 
and the contact structure (CT1) to the wirings The local bit 
line consisting of the inversion layer wiring is connected to 
the global data line through this select MOS transistor. A 
plurality of local data lines are connected to one piece of the 
global data line and a hierarchical data line structure is taken. 
This reduces the capacitance to charge and discharge, and is 
effective for high-speed operation and reduction of power 
consumption. At the same time, it can avoid applying a high 
data line Voltage to the memory cell except for the case of 
programming to the selected memory mat, resulting in dis 
turbances to unselected cells being reduced. 

First, the program operation will be described. The cell to 
be programmed is assumed to be the memory cell Surrounded 
by the broken line in FIG. 1. (M13 in FIG. 4). Positive volt 
ages (for instance, 4V to AG2 and 7 V to AGO) are applied to 
both ends of the trio of assist electrode lines (AG2 and AG0) 
to form the inversion layers (INV 2 and INV4) at each surface 
of the silicon substrate (SUB) underneath the assist electrodes 
(AG2 and AGO). These inversion layers (INV 2 and INV4) 
are fed from the diffusion layer regions (L2 and L4) at the 
ends of the memory mat. Moreover, a low positive Voltage 
(for instance, 1.5V) is applied to the center of the trio of assist 
electrodes (AG3), resulting in the silicon substrate (SUB) 
underneath the assist electrode (AG3) being weakly inverted. 
The outer line of the trio of assist electrodes (AG1) is con 
trolled to be a low voltage (for instance OV), which is a level 
not allowing the formation of an inversion layer, resulting in 
electrical isolation being performed. The n-type diffusion 
layer regions (L2 and L4) are electrically connected to the 
inversion layers (INV2 and INV4) while forming the inver 
sion layers, and a Voltage can be applied from the global data 
lines (DL2 and DL4) through the contact structure (CT1) 
provided in the diffusion layer regions (L2 and L4). Herein, 
the inversion layer (INV2) underneath the assist electrode 
(AG2) functions as a source of the memory cell, and the 
global data line (DL2) Supplying a Voltage to this inversion 
layer (INV2) is controlled to be 0 V. Moreover, the inversion 
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4 
layer (INV4) underneath the assist electrode (AG0) another 
end functions as a drain of the memory cell and the global data 
line (DL4) supplying a voltage to this inversion layer (INV4) 
is controlled to be 4 V. The corresponding assist electrode 
(AG0) is controlled to be a sufficiently higher voltage (for 
instance 7V) than the setting-voltage (herein, 4V) to form the 
low-resistance inversion layer (INV4). When a high voltage 
pulse, for instance 15 V and 3 us, is applied to the control 
electrode (CG), field concentration occurs at the surface of 
the silicon substrate (SUB) underneath the boundary of one 
edge of the assist electrode (AG3) and the storage node 
(FG3), resulting in hot electrons being created. The hot elec 
trons created are induced by the electric field in a direction 
perpendicular to the Substrate generated by the control elec 
trode (CG) and inject into the adjacent storage node (FG3). 
Here, since the resistance of the inversion layer underneath 
the center assist electrode (AG3) is high, the current that flows 
between the inversion layer wiring (INV2) and the inversion 
layer wiring (INV4) is not so large so that the ratio of the 
injected electrons to the storage node can be made greater 
considering the flowing current. Accordingly, the current 
does not become too large, even during the simultaneous 
program operation of a plurality of cells, therefore, it is favor 
able for a file application in which input/output of a large bit 
count is performed at the same time. 

Next, a read operation will be described. The cell to be read 
is assumed to be the memory cell surrounded by the broken 
line in FIG. 2 (M13 in FIG. 4). Positive voltages (for instance, 
3 V to AG3 and 4V to AG0) are applied to the assist electrode 
lines (AG3 and AGO) at both ends of the cell to be read to form 
the inversion layers (INV3 and INV 4) at each surface of the 
silicon substrate (SUB) underneaththeassistelectrodes (AG3 
and AGO). These inversion layers (INV3 and INV4) are fed 
from the diffusion layer regions (L3 and L4) at the ends of the 
memory mat. The outer assist electrodes lines (AG1 and AG2) 
are set to be a low voltage (for instance 0 V), which is a level 
not allowing the formation of an inversion layer, resulting in 
an electrical isolation being performed. The n-type diffusion 
layer regions (L3 and L4) are electrically connected to the 
inversion layers (INV3 and INV4) while forming the inver 
sion layers, and a Voltage can be applied from the global data 
lines (DL3 and DL4) through the contact structure (CT1) 
provided in the diffusion layer regions (L3 and L4). Herein, 
the global data line (DL3), which supplies a voltage to the 
inversion layer (INV3) underneath the assist electrode (AG3) 
is controlled to be 0 V. Moreover, the global data line (DL4), 
which supplies a voltage to the inversion layer (INV4) under 
neath the assist electrode (AG0) at the other end is controlled 
to be 1.2 V. Herein, whether the memory cell is connected or 
not is judged by applying a predetermined read voltage to the 
control electrode (CG). 
An erase operation is performed in each word line. Injected 

electrons are withdrawn to the control electrode side or the 
substrate side by Fowler-Nordheim tunneling current gener 
ated by applying a positive or a negative Voltage to the word 
line. 
A problem of such a memory operation is a leakage current 

especially in the case of programming. As described above, 
program operation is performed using the trio of assist elec 
trodes and the outer line of the assist electrodes is required to 
play the role of electrical isolation, thereby, it will be an 
operation where every four memory cells are programmed to 
their maximum. For instance, in the case when the memory 
cell surrounded by the broken line in FIG. 1 is the target to be 
programmed, it is necessary that the inversion layer (INV4) is 
formed by applying a high Voltage of about 7 V to the assist 
electrode (AG0), and that this inversion layer (INV4) is con 
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trolled to be 4V via the global data line (DL4). Moreover, it 
is necessary that the inversion layer (INV2) is formed under 
neath the assist electrode by applying a Voltage of about 4V 
to the assist electrode (AG2) and controlled to be 0 V as a 
memory source. At this time, the inversion layer (INV6) is 
formed simultaneously, and a Voltage of 4V is also applied 
between the inversion layer (INV4) and the inversion layer 
(INV6). Moreover, since a high positive voltage, for instance 
15 V, is applied to the control gate (CG), the condition of the 
surface of the silicon substrate (SUB) underneath the storage 
nodes (FG4 and FG5) becomes strongly inverted. As a result, 
the voltages applied to the inversion layers (INV4 and INV 6) 
are broadened underneath each of the storage nodes (FG4 and 
FG5). Therefore, it is necessary that the voltage of 4V applied 
between the inversion layers by the assist electrode (AG1) be 
shut down. There is a fear that the voltage (4V) applied to the 
inversion layer (INV4) decreases due to a flow of a leakage 
current underneath this assist electrode (AG1) and that the 
programming speed to the desired memory cell (the corre 
sponding storage node is FG3) becomes extremely low. At the 
same time, there is a possibility that field concentration 
occurs at the surface underneath the boundary between the 
assist electrode (AG1) and the substrate underneath the stor 
age node (FG4), and the hot electrons created are induced by 
the electric field generated by the control electrode (CG) in a 
direction perpendicular to the Substrate and are injected into 
the adjacent storage node (FG4). Accordingly, misprogram 
ming (disturbance) to a memory cell (the corresponding Stor 
age node is FG4) which is originally not meant to be pro 
grammed occurs. 
As described above, in the case whenanassist electrode for 

isolation cannot be sufficiently shut down electrically, spec 
degradation occurs due to decreased programming speed and 
misprogramming to the unselected memory cells, therefore, 
there is a possibility that adequate performance cannot be 
delivered. 

Therefore, it is the objective of the present invention to 
provide a means which achieves a semiconductor memory 
device having high-speed programming characteristics in a 
memory system using a MOS transistor for isolation. More 
over, it is another objective of the present invention to solve 
the problem of disturbance to the unselected memory cells. 

In order to achieve the aforementioned objectives, the 
present invention is one where the electrical isolation is per 
formed by controlling at least one of the assist electrodes 
wired in parallel to each other to have a negative Voltage and 
controlling the surface of the semiconductor substrate in the 
vicinity of the aforementioned assist electrode to be non 
conductive in the case of program and read operations. 

According to the present invention, in a memory system 
semiconductor memory device in which a MOS transistor is 
used for isolation, high-speed programming characteristics 
can be performed and a reduction in power consumption 
while programming can be achieved at the same time even if 
there is high integration. Moreover, highly accurate reading 
can be achieved in the read operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a cross-sectional structural drawing of a 
memory cell array part of a semiconductor memory device of 
the first embodiment together with a local bit line arrange 
ment, in the case of a program operation. 

FIG. 2 shows a cross-sectional drawing of a memory cell 
array part of a semiconductor memory device of the first 
embodiment together with a local bit line arrangement in the 
case of a read operation. 
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6 
FIG. 3 is a top view of a memory cell mat part of a semi 

conductor memory device of the first embodiment. 
FIG. 4 is an equivalent circuit drawing of a memory cell 

array of a semiconductor memory device of the first embodi 
ment. 

FIG.5 is a timing chart of a program operation of a memory 
cell array of a semiconductor memory device of the first 
embodiment. 

FIG. 6 is a timing chart of a program operation of a memory 
cell array of a semiconductor memory device of the first 
embodiment. The operation of the assist electrode line is 
different from FIG. 5 

FIG. 7 is a timing chart of a read operation of a memory cell 
array of a semiconductor memory device of the first embodi 
ment. 

FIG. 8 is a timing chart of a read operation of a memory cell 
array of a semiconductor memory device of the first embodi 
ment. The operation of the assist electrode line is different 
from FIG. 5. 

FIG. 9 is a circuit block configuration illustrating a word 
driver and an assist electrode driver of a semiconductor 
memory device of the first embodiment. 

FIG. 10 is a top view of a memory cell mat part of a 
semiconductor memory device of the second embodiment. 

FIG. 11 is an equivalent circuit drawing of a memory cell 
array of a semiconductor memory device of the second 
embodiment. 

FIG. 12 is a timing chart of a program operation of a 
memory cell array of a semiconductor memory device of the 
second embodiment. 

FIG. 13 is a timing chart of a program operation of a 
memory cell array of a semiconductor memory device of the 
second embodiment. The operation of the assist electrode line 
is different from FIG. 5 

FIG. 14 is a timing chart of a read operation of a memory 
cell array of a semiconductor memory device of the second 
embodiment. 

FIG. 15 is a timing chart of a read operation of a memory 
cell array of a semiconductor memory device of the second 
embodiment. The operation of the assist electrode line is 
different from FIG. 5. 

FIG. 16 is a cross-sectional drawing illustrating a memory 
cell array part of a semiconductor memory device of the third 
embodiment. 

FIG. 17 shows an equivalent circuit drawing of a memory 
cell array of a semiconductor memory device of the third 
embodiment together with a Voltage condition in the case of 
programming. 

FIG. 18 shows an equivalent circuit drawing of a memory 
cell array of a semiconductor memory device of the third 
embodiment together with a Voltage condition in the case of 
reading. 

FIG. 19 is a cross-sectional drawing illustrating a memory 
cell array part of a semiconductor memory device of the 
fourth embodiment. 

FIG. 20 shows an equivalent circuit drawing of a memory 
cell array of a semiconductor memory device of the fourth 
embodiment together with a Voltage condition in the case of 
programming. 

FIG. 21 shows a structure of a memory cell array part of a 
semiconductor memory device of the fifth embodiment. 

FIG. 22 shows an equivalent circuit drawing of a memory 
cell array of a semiconductor memory device of the fifth 
embodiment together with a Voltage condition in the case of 
programming and reading. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following is a detailed description of a semiconductor 
memory device of the present invention with concrete 
embodiments. 

First Embodiment 

First embodiment of the present invention will be 
described by using FIGS. 1 to 9. FIG. 5 shows a program 
operation sequence described in this embodiment. When a 
programming command is input from ROM outside, an 
instruction command is read from the inside of the chip and a 
program operation is executed automatically. FIG. 5 shows a 
program operation to the memory cell (M13) shown in FIG. 4. 
Table 1 shows the correspondence between memory cell 
threshold Voltages (Vth) and programming information. 

TABLE 1. 

Programming 
word voltage 

Range of threshold 
voltages (Vth) 

“O1 Www3 With V3 
“OO Www2 W2L Vth V2H 
“10 Www1. W1L & Vth & W1H 
11 Www.O WOL. With &WOH 

Herein, the relationship is 
V3>V2H>V2L>V1H>V1L>VOH>VOL. Another way of cor 
respondence may be acceptable between this two-bit infor 
mation such as “0” and “1” and the threshold voltage level. In 
this embodiment, it is assumed that programming is carried 
out, in order, from a higher threshold Voltage level although 
any order can be taken for the order of programming thresh 
old voltage level. 

In the case when the information desired to be programmed 
in the target memory cell (M13) is “01, first, unselected word 
lines (WL0, WL2 to WLn) in the same string is controlled to 
be a low negative Voltage, for instance-2V at the timing (tO). 
And, the assist electrode line (AG2) is controlled to be 4V to 
form the inversion layer line (INV2) at the surface of the 
silicon substrate (SUB) underneath the assist electrode line 
(AG2). At the same time, a low negative Voltage, for instance 
-2 V, is applied to the assist electrode line (AG1) located 
between the memory cell (M14) and the memory cell (M15). 
It is possible to reliably make a cut off between the memory 
cell (M14) and the memory cell (M15) by applying a negative 
voltage to the assist electrode line (AG1). 

Then, the selected word line (WL1) is controlled to be a 
positive high Voltage., for instance 15 V, at the timing (t1). At 
the same time, the data line (DL4) is controlled to be a drain 
Voltage while programming, for instance 4.5V, and the gate 
signal (STD) of the selected transistor is controlled to be 
about 7 V. At this time, data line (DL2) is connected to the 
inversion layer wiring (INV2) and the inversion layer wiring 
(INV2) is controlled to be OV, which is the same voltage as the 
data line (DL2). 

Afterwards, at the timing (t2), a medium level high Voltage, 
for instance 8 V, is applied to the assist electrode line (AG0) 
arranged at the drain side of the memory cell (M13), thereby, 
the condition of the surface of the silicon substrate (SUB) 
right underneath the assist electrode line (AG0) becomes 
strongly inverted, resulting in the inversion layer wiring 
(INV4) being formed. Since this inversion layer wiring 
(INV4) is connected to the data line (DL4) through the 
selected transistor, it is charged to 4.5V. 
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8 
After the inversion layer wiring (INV4) is charged to 4.5V. 

the gate signal (STD) of the selected transistor is deactivated 
at the timing (t3), and the inversion layer wiring (INV2) and 
the inversion layer wiring (INV4) are made floating under the 
conditions of 0 V and 4.5V, respectively. 

Then, the assist electrode line (AG3) is controlled to be a 
positive low Voltage, for instance 1 V, at the timing (ta), 
thereby, the condition of the surface of the silicon substrate 
(SUB) underneath the assist electrode line (AG3) becomes a 
weakly inverted. Since each memory cell (M12), assist elec 
trode line (AG3), and memory cell (M13) are in an ON state, 
the space between the inversion layer wiring (INV2) and the 
inversion layer wiring (INV4) is brought into conduction. At 
this time, charge transfers between the inversion layer wiring 
(INV2) and the inversion layer wiring (INV4) until they reach 
an equilibrium state. Concretely, electrons of the inversion 
layer wiring (INV2) which is in a floating state transfer to the 
inversion layer wiring (INV4) which is similarly in a floating 
state. Field concentration occurs at the boundary of the weak 
inversion region underneath the assist electrode line (AG3) 
and the inversion layer underneath the memory cell (M13), 
resulting in hot electrons being created. The hot electrons 
created are induced by the electric field generated by the 
voltage of the selected word line (WL1) in a direction per 
pendicular to the Substrate and are injected into the storage 
node (FG3) of the adjacent memory cell (M13). Since the 
electrical resistance of the weak inversion region underneath 
the assist electrode line (AG3) is high, the current that flows 
between the inversion layer wiring (INV2) and the inversion 
layer wiring (INV4) is not so large, so that the ratio of the 
injected electrons to the storage node can be made greater 
considering the flowing current. Accordingly, the current 
does not become too large, even during the simultaneous 
program operation of a plurality of cells, therefore, it is favor 
able for a file application in which input/output of a large bit 
count is performed at the same time. 

Programming is complete by deactivating the assist elec 
trode line (AG3) at the timing (t5). After programming, the 
gate signal (SDT) of the selected transistor is controlled to be 
about 7V, and the data lines (DL4 and DL2) are connected to 
the inversion layer wirings (INV4 and INV2), respectively. 
The data line (DL4) is discharged to 0 V at the timing (tA), so 
that both inversion layer wirings (INV4 and INV2) are con 
trolled to be 0 V. 

Then, the selected word line (WL1) is deactivated to 0 V at 
the timing (tó) and the assist electrode line (AG2) is con 
trolled to be 0 V. 

Finally, at the timing (tT), the program operation is com 
plete by deactivating the unselected word lines (WL0, WL2 to 
WLn) and the assist electrode line (AG1) to be from negative 
voltages to 0 V, and by deactivating the assist electrode line 
(AGO) to be 0 V from 8 V. 
The above description is a case where the information 

desired to be programmed in the target memory cell (M13) is 
“01. However, in the case when the desired programming 
information is not '01, a Voltage for program protection, for 
instance 1.5V, is applied to the data line (DL2) at the timing 
(t0). Accordingly, the assist electrode line (AG3) does not 
become an ON state because it is 1 V which is lower than 1.5 
V although the memory cell (M12) and the memory cell 
(M13) are in an ON state, so that conduction cannot take place 
between the inversion layer wiring (INV2) and the inversion 
layer wiring (INV4). Therefore, charge injection does not 
OCCU. 

Then, a read operation is carried out, and whether the 
threshold voltage of memory cell (M13) is controlled to be 
higher than V3 is verified. Details of the read operation will be 
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described later. In the case when the information desired to be 
programmed is “01 and the threshold voltage is not higher 
than V3, the program operation shown in FIG. 5 is carried out 
again to apply a programming pulse to the memory. Then, the 
sequence of doing a read verification operation again and 
applying a programming pulse, if necessary, is repeated. A 
program operation is performed with one of four memory 
cells in this array structure, and the "Ol' programming 
sequence is complete when all these target cells for program 
ming pass the verification. 

Next, it moves to the “00 programming sequence. In this 
case, if the information desired to be programmed to the target 
cell for programming is also “00, the data line (DL2) is 
controlled to be 0 V. Otherwise, the program protection volt 
age is controlled to be, for instance 1.5V. The Voltage setting 
of each part may be the same as that for "01" programming, 
but a lower voltage than the case of “01’ programming, for 
instance 13 V, is used for the selected word line (WL1). As a 
result, the Voltage which induces hot electrons to the storage 
node drops even if the same pulse width as the case of “01 
programming is used, so that the injected charge is less and 
programming to a lower threshold Voltage level is possible. 
Verification is performed at the same time, but the difference 
is the point that it is necessary to control the threshold voltage 
to be higher than V2L and lower than VH2. Here, the first 
programming pulse may be set so as not to inject too much 
charge and to make the pulse width smaller for the second and 
subsequent times to prevent excess charge injection. The “00' 
programming sequence is complete when all these target cells 
for programming pass the Verification, and it moves to the 
“10 programming sequence. 

The “10 programming is the same operation as the "00” 
programming except for controlling the Voltage of the 
selected word line (WL1) to be a lower voltage than the case 
of "00 programming, for instance 12V, and the target thresh 
old Voltage level being different. Then, the program operation 
is complete after the "Ol' programming sequence is done. 

Herein, in each programming of information, the program 
ming pulse Voltage applied to the word line was assumed to be 
constant throughout the sequence. However, the program 
ming sequence can be complete in a shorter time by using a 
pulse train in which a higher Voltage is applied with increas 
ing number. 

Moreover, in FIG. 5, the assist electrode line (AG3) is 
controlled to be 0 V as the base level and 1 V while program 
ming. As shown in FIG. 6, the sequence may be taken in 
which it is controlled once to be a negative Voltage, about -2 
V, at the timing (tO) and then activated to be 1 V while 
programming. In this case, the assist electrode line (AG3) can 
be reliably made a cut-off during the period until program 
ming is started at the timing (tA) after controlling the inversion 
layer wiring (INV4) to be 4.5 V. Specifically, the leakage 
current, which flows through the assist electrode line (AG3) 
before programming is started, can be controlled, so that there 
is an effect that a reduction in the programming speed can be 
Suppressed. 

Next, a read operation will be described by using FIG. 7. 
Information in the memory cell (M13) which was pro 
grammed in the aforementioned description of a program 
operation will be read. First, at the timing (tO), a voltage Vread 
which is needed for reading or to Verify timing is applied to 
the selected word line (WL1). At the same time, 0 V or a 
negative Voltage, for instance -2 V, is applied to the unse 
lected word lines (WL0, WL2 to WLn). Since the unselected 
word lines have already been controlled to be OV or a negative 
Voltage, for instance -2 V, it is not necessary to control the 
Voltage of unselected word lines again while verifying after 
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10 
applying a programming bias Voltage. As a result, it is pos 
sible to control an unnecessary leakage current in the memory 
cell on the unselected word lines, resulting in highly accurate 
reading being achieved. Moreover, a negative Voltage, for 
instance-2V. is applied simultaneously to the assist electrode 
lines (AG1 and AG2). As a result, it becomes possible to 
Suppress a leakage current flowing thorough the memory cell 
(M14) which is adjacent to the selected memory cell (M13) 
on the same word line, resulting in highly accurate reading 
being achieved. 

Then, at the timing (t2), the assist electrode lines (AG0 and 
AG3) are controlled to be a positive voltage of about 4V to 
form the inversion layer wirings (INV4 and INV3) at the 
surface of the silicon substrate (SUB) underneath the assist 
electrode lines (AG0 and AG3), respectively. 

Then, at the timing (t3), the data line (DL4) is pre-charged 
to be a positive voltage of about 1.2 V to make the data line 
(DL4) a floating state. At this time, the inversion layer wiring 
(INV4) is also pre-charged to be 1.2V together with the data 
line (DL4). 
At the timing (ta), the gate signal (STS) of the selected 

transistor is activated to be a positive voltage of about 5 V. 
Then, the inversion layer wiring (INV3) is connected to the 
data line (DL3) and the inversion layer wiring (INV3) 
becomes OV. Here, in the case when the threshold voltage of 
the memory cell (M13) is lower than the voltage Vread 
applied to the selected word line, the memory cell (M13) 
becomes ON state, and a current flows from the data line 
(DL4) to the data line (DL3) through the inversion layer 
wiring (INV4), the memory cell (M13), and the inversion 
layer wiring (INV3). Since the data line (DL4) is in a floating 
state, the prior pre-charged voltage of 1.2V is decreased. On 
the other hand, in the case when the threshold voltage of the 
memory cell (M13) is higher than the voltage Vread applied 
to the selected word line, the memory cell (M13) becomes an 
OFF state, and the voltage applied to the data line (DL4) is 
kept in the pre-charged voltage of 1.2 V. After a predeter 
mined time, the gate signal (STD) of the selected transistor is 
deactivated to be 0 V at the timing (t5), the inversion layer 
wiring (INV4) is disconnected from the data line (DL4), and 
the state of the data line (DL4) is discriminated by using a 
sense amplifier at the Subsequent timing (t6). 

In order to discriminate the four threshold voltage levels, it 
is discriminated whether the level is higher than the threshold 
voltage level of “00, that is, higher than V2L, or less than the 
level of “10, that is, lower than V1H. For this, a voltage 
Vrw1, where V1H-Vrw1<V2L, is applied to the selected 
word line (WL1). If the threshold voltage level of the memory 
cell (M13) is lower than V1H, the memory cell (M13) 
becomes a conductive state, and the data line (DL4) is dis 
charged to be 0 V. Moreover, if the threshold voltage level of 
the memory cell (M13) is higher than V2L, the memory cell 
(M13) becomes a nonconductive state or a high resistance 
state, and the data line (DL4) keeps the pre-charged Voltage of 
1.2V. The discrimination whether the upper bit is “0” or “1” 
is performed by using the difference of the states of the data 
line (DL4). If the result is lower than V1H, a voltage Vrw0. 
where VOHCVrw-V1L, is applied to the selected word line 
(WL1) in the subsequent read operation to discriminate 
whether it is “11” or “10” by using the difference of the 
flowing currents. In the case when the reading result is higher 
than V2L, the voltage applied to the selected word line (WL1) 
is controlled to be Vrw2, where V2HzVrw2<V3. The dis 
crimination whether it is "00” or “O1 is performed by using 
the difference of flowing currents. 

In the aforementioned read operation, without changing 
the following applied Voltage conditions according to the 
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results using Vrw1, it is also possible for reading information 
to use a means where all read operations are carried out using 
Vrw0, Vrw1, and Vrw2. While the former is suitable for 
increasing speed because the read Voltage is applied twice, 
the latter has the feature that the control circuit can be sim 
plified in spite of the fact that read operations need to be done 
three times. 

FIG. 7 explained the case when both assist electrode lines 
(AG1 and AG2) which were not the reading paths were con 
trolled to be a negative Voltage at timing (tO), for instance, -2 
V. Reading may be performed by controlling only the assist 
electrode line (AG1) to be a negative Voltage, for instance-2 
V, and maintaining the assist electrode line (AG2) at 0 V, as 
shown in FIG.8. Accordingly, in the case when the verify 
reading is performed right after the program operation 
described in FIG. 5, only the assist electrode line (AG1) can 
be controlled to be a negative Voltage, for instance -2 V. 
following the program operation, so that there is the effect 
that the overhead time can be reduced during the verify read 
1ng. 

FIG. 9 is a drawing illustrating a configuration of word 
drivers and assist electrode line drivers of this embodiment. 
Block decoders (BD(0) to BD(m)) are provided correspond 
ing to the m+1 memory blocks, and each block decoder 
(BD(0) to BD(m)) consists of the word drivers (WD(0) to 
WD(m)) and the assist electrode line drivers (AGD(0) to 
AGD(m)). 

The word drivers (WD(0) to WD(m)) have the signal from 
the control circuit, the address information output from the 
address buffer through the RAW decoder, the output (VBP) 
from the positive Voltage generation circuit which is an inter 
nal power supply, and the output (VNN) from the negative 
Voltage generation circuit as the input. Moreover, the assist 
electrode line drivers (AGD(0) to AGD(M)) have the signal 
from the control circuit, the address information output from 
the address buffer through the RAW decoder, the output 
(VAGP0 and VAGPk) from a plurality of the positive voltage 
generation circuits which are the internal power Supply, and 
the output (VAGN) from the negative voltage generation cir 
cuit as the input. Furthermore, even though it is not shown in 
the figure, both of the word drivers (WD(0) to WD(m)) and 
the assist electrode line drivers (AGD(0) to AGD(m)) have a 
supply voltage VCC and a ground level voltage VSS as the 
input. 

The word drivers (WD(0) to WD(m)) control the word 
lines (WL0(0) to WLn(0), and WL0(m) to WLn(m)) in the 
corresponding memory blocks, and the assist electrode line 
drivers (AGD(0) to AGD(m)) control the assist electrode lines 
(AG0(0) to AG3(0), and AG0(m) to AG3(m)) in the corre 
sponding memory blocks. Foe instance, the word driver (WD 
(0)) in the block decoder (BD(0)) controls the word lines 
((WL0(0) to WLn(0)) in the 0th memory block. Similarly, the 
assist electrode line driver (AGD(0)) in the block decoder 
(BD(0)) controls the assist electrode lines (AG(0) to AG3(0)) 
in the 0th memory block. Moreover, the word driver (WD(m)) 
in the block decoder (BD(m)) controls the word lines ((WL0 
(m) to WLn(m)) in the mth memory block, and the assist 
electrode line driver (AGD(m)) in the block decoder (BD(m)) 
controls the assist electrode lines (AG0(m) to AG3(m)) in the 
mth memory block. 

Predetermined positive and negative Voltages can be 
applied to the selected memory block by using such a block 
decoder having the word driver and the assist electrode line 
driver. 
The above was explained on the precondition that the stor 

age node consists of a continuous film of polycrystalline 
silicon, but the storage node may be composed of a plurality 
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of fine particles. Moreover, the storage node may be com 
posed of a plurality of fine particles of other semiconductor 
and metallic materials. Moreover, fine particles consisting of 
an insulating material having a charge trap may also be used. 
If the fine particles are used, the storage nodes are insulated 
from each other, so that it is not necessary to separate each 
other by patterning like a storage node composed of a con 
tinuous film of polycrystalline silicon. As a result, it has the 
feature that patterning becomes easier and the process margin 
increases. Moreover, since Such process simplicity can be 
obtained even if an insulator film such as SiN which has a trap 
is employed, this may also be used. Etching of SiN is possible, 
in which SiN has a selection ratio against a SiO film, and it 
has Superior characteristics with respect to patterning com 
pared with a fine particle charge trapping region. On the other 
hand, the fine particle charge trapping region can be Sur 
rounded by the other insulating material such as SiO, which 
does not have a trap, so that it is generally possible to select a 
material in which charge transfer hardly occurs and it has 
excellent retention properties. As a result, it is suitable for 
multilevel storage having a small threshold margin. There 
fore, it is preferable for applications in which a plurality of 
information is stored by injected charge and where it is desir 
able to suppress the fluctuation in properties. Moreover, a 
nitrogen-doped SiO film may be used for the interpoly film 
between the storage node and the word line in lieu of a SiO, 
film. It has the feature that the trap is not created easily 
compared with a simple SiO film in the case of program 
ming/erasing and the fluctuation in properties is Small. More 
over, a stacked structure of SiO, and silicon nitride film may 
be taken. Such a stacked structure also has the feature that a 
current does not flow relatively easily while applying a high 
electric field and the memory element has excellent reliabil 
ity. The above descriptions about the configuration of the 
charge trapping region and the configuration of the interpoly 
film are all similar in other embodiments. 

Second Embodiment 

The second embodiment of the present invention will be 
described by using FIGS. 10 to 15. 

FIG. 10 is a top view of a memory mat and FIG. 11 is an 
equivalent circuit thereof. The difference in FIG. 10 from 
FIG. 3 is that the diffusion layer regions (L1, L3 and L5) are 
connected to the common Source wiring (CS) through the 
selected transistor. Such a memory array arrangement makes 
it possible for one data line to be arranged to two local bit 
lines, resulting in the layout pitch of the data line being made 
wider. Moreover, since the spacing between the data lines can 
be made wider, it has the effect that the capacitance between 
the data lines can be reduced and the coupling noise between 
the data lines can be Suppressed. 
The program operation to the memory cell (M13) in this 

memory array will be described. The basic operations are the 
same except that the memory array has a common source line 
(CS). FIG. 12 shows a sequence of a program operation. Table 
1 shows the correspondence between the threshold voltages 
and information, with the relationship being 
V3>V2H>V2L>V1H>V1L>VOH>VOL. Another way of cor 
respondence may be acceptable between this two-bit infor 
mation such as “0” and “1” in Table 1 and the threshold 
Voltage level. In this embodiment, it is assumed that program 
ming is carried out, in order, from higher threshold Voltage 
levels, although any order can be taken for the order of pro 
gramming threshold Voltage level. 

In the case when the information desired to be programmed 
in the target memory cell (M13) is “01, first, the unselected 
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word lines (WL0, WL2 to WLn) in the same string are con 
trolled to be a low negative voltage, for instance -2 V at the 
timing (tO). The assist electrode line (AG2) is controlled to be 
4V to form the inversion layer line (INV2) at the surface of 
the silicon substrate (SUB) underneath the assist electrode 
line (AG2). At the same time, a low negative Voltage, for 
instance -2 V, is applied to the assist electrode line (AG1) 
located between the memory cell (M14) and the memory cell 
(M15). It is possible to make a reliable cut-off between the 
memory cell (M14) and the memory cell (M15) by applying 
a negative voltage to the assist electrode line (AG1). At the 
timing (tO), the gate signal (STD) of the selected transistor is 
also controlled to be about 5 V. Accordingly, the inversion 
layer wiring (INV2) is connected to the data line (DL1) and 
the voltage of the inversion layer wiring (INV2) is controlled 
to be 0 V, which is the same as the data line (DL1). 

Then, at the timing (t1), the selected word line (WL1) is 
controlled to be a high positive voltage, for instance 15 V. 

After this, at the timing (t2), the gate signal (STD) of the 
selected transistoris deactivated from 5V to 0V to disconnect 
the inversion layer wiring (INV2) from the data line (DL1). 
The inversion layer wiring (INV4) is disconnected from the 
data line (DL2) by making the gate signal (STD) of the 
selected transistor OV, resulting in the inversion layer wiring 
(INV4) being in a floating state. 

Then, at the timing (t3), when a high positive Voltage, for 
instance 8 V, is applied to the assist electrode line (AG0), the 
voltage at the surface of the Si substrate underneath the assist 
electrode line (AG0) is automatically increased. This is an 
effect of coupling between the capacitance of the gate oxide 
film existing at the space between the assist electrode and the 
silicon substrate (SUB) and the capacitance of the depletion 
layer created underneath the silicon substrate (SUB). When a 
voltage of 8V is applied to the assist electrode line (AG0), the 
surface of the silicon substrate (SUB) right underneath the 
assist electrode line (AG0), that is, the inversion layer wiring 
(INV4) is increased to be about 4.5V. This is enough voltage 
for the aforementioned source-side-injection programming. 

Then, at timing (ta) the assist electrode line (AG3) is acti 
vated to be about 1 V. Accordingly, the inversion layer wiring 
(INV4) activated to be about 4.5V is connected to the inver 
sion layer wiring (INV2), which is controlled to be OV. 
through the memory cell (M13). Since the gate signal (STD) 
of the selected transistor is controlled to be 0 V, both the 
inversion layer wiring (INV4) and the inversion layer wiring 
(INV2) are disconnected from the data lines (DL2) and 
(DL1), resulting in their being in a floating state. Therefore, 
there is a transfer of charge between the inversion layer wiring 
(INV4) and the inversion layer wiring (INV2) until an equi 
librium state is reached. At this time, electric field concentra 
tion occurs at the boundary between the weak inversion 
region underneath the assist electrode (AG3) and the inver 
sion layer underneath the memory cell (M13), resulting in hot 
electrons being created. The hotelectrons created are induced 
by the electric field generated by the voltage of the selected 
word line (WL1) in a direction perpendicular to the substrate 
and are injected into the storage node of the adjacent memory 
cell (M13). Here, since the resistance of the weak inversion 
region underneath the assist electrode line (AG3) is high, the 
current flowing between the inversion layer wiring (INV2) 
and the inversion layer wiring (INV4) is not so large, so that 
the ratio of the injection electrons to the storage node can be 
made greater considering the flowing current. Accordingly, 
the current does not become too great even during the simul 
taneous program operation of a plurality of cells; therefore, it 
is favorable for a file application in which input/output of a 
large bit count is performed at the same time. Moreover, the 
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charge flowing underneath the memory cell (M13) depends 
on the Voltage which is an increased Voltage of the inversion 
layer wiring (INV4) by activating the assist electrode line 
(AG3), but the charge is almost constant. Therefore, the 
injected charge to the storage node of the memory cell (M13) 
becomes almost constant, with the result that a variation of the 
programming characteristics between the cells can be 
reduced. 

Programming is complete by deactivating the assist elec 
trode line (AG3) at the timing (t5). After programming, the 
gate signal (STD) of the selected transistor is controlled to be 
about 5 V; the data lines (DL2 and DL1) are connected to the 
inversion layer wirings (INV4 and INV2), respectively; and 
the inversion layer wirings (INV4 and INV2) are controlled to 
be 0 V. Then, the selected word line (WL1) is deactivated to 0 
V at the timing (tó) and the assist electrode lines (AG2) and 
(AG0) are controlled to be 0 V. Finally, at the timing (t7), the 
program operation is complete by controlling the unselected 
word lines (WL0, WL2 to WLn) and the assist electrode line 
(AG1) to be 0 V from negative voltages. 
What was described above is a case where the information 

desired to be programmed in the target memory cell (M13) is 
“01'. However, in the case when the information desired to be 
programmed is not '01, a Voltage to preventing program 
ming, for instance 1.5V, is applied to the data line (DL1) at the 
timing (tO). Accordingly, the assist electrode line (AG3) does 
not become ON state because it is 1 V, which is lower than 1.5 
V, although the memory cell (M12) and the memory cell 
(M13) are ON state, so that conduction cannot take place 
between the inversion layer wiring (INV2) and the inversion 
layer wiring (INV4). Therefore, charge injection does not 
OCCU. 

Then, the read operation is carried out, and whether the 
threshold voltage of memory cell (M13) is controlled to be 
higher than V3 is then verified. Details of the read operation 
will be described later. In the case when information desired 
to be programmed is “01 and the threshold voltage of the 
memory cell (M13) is not higher than V3, the program opera 
tion shown in FIG. 12 is carried out again to apply a program 
ming pulse to the memory cell. Then, the sequence of doing a 
read verification operation again and the application of a 
program pulse, if necessary, is repeated. Program operation is 
performed to one of four memory cells in this array structure, 
and the sequence is complete when all these target cells for 
programming pass the verification. 

Next, it moves to the “00 programming sequence. In this 
case, if information desired to be programmed to the target 
cell for programming is also “00, the data line (DL2) is 
controlled to be 0 V. Otherwise, the program protection volt 
age is controlled to be, for instance 1.5V. The Voltage setting 
of each part may be the same as that for "Ol' programming, 
but a lower voltage than the case of “01’ programming, for 
instance 13 V, is used for the selected word line (WL1). As a 
result, the Voltage which induces hot electrons to the storage 
node drops even if the same pulse width as the case of “01 
programming is used, so that the injected charge is less and 
programming to a lower threshold Voltage level is possible. 
Verification is performed at the same time, but the difference 
is the point that it is necessary to control the threshold voltage 
to be higher than V2L and lower than V2H. Here, the first 
programming pulse may be set So as not to inject too much 
charge and to make the pulse width smaller for the second and 
subsequent times to prevent excess charge injection. The “00' 
programming sequence is complete when all these target cells 
for programming pass the Verification, and it moves to the 
“10 programming sequence. 
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The “10 programming is the same operation as the '00'’ 
programming except for controlling the Voltage of the 
selected word line (WL1) to be a lower voltage than the case 
of "00 programming, for instance 12V, and the target thresh 
old Voltage level being different. Then, the program operation 
is complete after the "Ol' programming sequence is done. 

Herein, in each information programming, the program 
ming pulse Voltage applied to the word line was assumed to be 
constant throughout the sequence. However, the program 
ming sequence can be complete in a shorter time by using a 
pulse train in which a higher Voltage is applied with increas 
ing number. 

Moreover, in FIG. 12, the assist electrode line (AG3) is 
controlled to be 0 V as the base level and 1 V while program 
ming. As shown in FIG. 13, the sequence may be taken in 
which it is controlled once to be a negative Voltage, about -2 
V, at the timing (tO) and then activated to be 1 V while 
programming. In this case, the assist electrode line (AG3) can 
be reliably made a cut-off during the period until program 
ming is started at the timing (tA) after controlling the inversion 
layer wiring (INV4) to be 4.5 V. Specifically, the leakage 
current, which flows through the assist electrode line (AG3) 
before programming is started, can be controlled, so that there 
is an effect that a reduction in the programming speed can be 
Suppressed. 

Next, the read operation will be described by using FIG. 
14. Information of the memory cell (M13) which was pro 
grammed in the aforementioned description of a program 
operation will be read. 

First, at the timing (tO), a voltage Vread which is needed for 
reading or for verify timing is applied to the selected word 
line (WL1). At the same time, 0 V or a negative voltage, for 
instance -2 V. is applied to the unselected word lines (WL0. 
WL2 to WLn). Since the unselected word lines have already 
been controlled to be OV or a negative voltage, for instance-2 
V, it is not necessary to control the voltage of the unselected 
word lines again while verifying after applying a program 
ming bias Voltage. As a result, it is possible to control an 
unnecessary leakage current in the memory cell on the unse 
lected word lines, resulting in highly accurate reading being 
achieved. Moreover, a negative Voltage, for instance -2 V, is 
applied simultaneously to the assist electrode lines (AG1 and 
AG2). As a result, it becomes possible to Suppress a leakage 
current flowing thorough the memory cell (M14) which is 
adjacent to the selected memory cell (M13) on the same word 
line, resulting in highly accurate reading being achieved. 

Then, at the timing (t2), the assist electrode lines (AG0 and 
AG3) are controlled to be a positive voltage of about 4V to 
form the inversion layer wirings (INV4 and INV3) at the 
surface of the silicon substrate (SUB) underneath the assist 
electrode lines (AG0 and AG3), respectively. 

Then, at the timing (t3), the data line (DL2) is pre-charged 
to be a positive voltage of about 1.2 V to make the data line 
(DL2) a floating state. At this time, the inversion layer wiring 
(INV4) is also pre-charged to be 1.2V together with the data 
line (DL2). 

At the timing (tA), the gate signal (STS) of the selected 
transistor is activated to be a positive voltage of about 5 V. 
Then, the inversion layer wiring (INV3) is connected to the 
common Source line (CS) and the inversion layer wiring 
(INV3) becomes OV. In the case when the threshold voltage 
of the memory cell (M13) is lower than the voltage Vread 
applied to the selected word line, the memory cell (M13) 
becomes ON state, and a current flows from the data line 
(DL2) to the common source line (CS) through the inversion 
layer wiring (INV4), the memory cell (M13), and the inver 
sion layer wiring (INV3). Since the data line (DL2) is in a 
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floating state, the prior pre-charged Voltage of 1.2 V is 
decreased. On the other hand, in the case when the threshold 
voltage of the memory cell (M13) is higher than the voltage 
Vread applied to the selected word line, the memory cell 
(M13) becomes an OFF state, and the voltage applied to the 
data line (DL2) is kept in the pre-charged state of 1.2 V. 

After a predetermined time, the gate signal (STD) of the 
selected transistor is deactivated to be 0 V at the timing (t5), 
the inversion layer wiring (INV4) is disconnected from the 
data line (DL2), and the state of the data line (DL2) is dis 
criminated by using a sense amplifier at the Subsequent tim 
ing (t6). 

In order to discriminate the four threshold voltage levels, it 
is discriminated whether the level is higher than the threshold 
voltage level of “00, that is, higher than V2L, or less than the 
level of “10, that is, lower than V1H. For this, a voltage 
Vrw1, which is V1H-Vrw1<V2L, is applied to the selected 
word line (WL1). If the threshold voltage level of the memory 
cell (M13) is lower than V1H, the memory cell (M13) 
becomes a conductive state, and the data line (DL2) is dis 
charged to be 0 V. Moreover, if the threshold voltage level of 
the memory cell (M13) is higher than V2L, the memory cell 
(M13) becomes a nonconductive state or a high resistance 
state, and the data line (DL2) keeps the pre-charged State of 
1.2V. The discrimination whether the upper bit is “0” or “1” 
is performed by using the difference of the states of the data 
line (DL2). If this result is lower than V1H, a voltage Vrw0. 
where VOHCVrw0<V1L, is applied to the selected word line 
(WL1) in the subsequent read operation to discriminate 
whether it is “11” or “10” by using the difference of the 
flowing currents. In the case when the reading result is higher 
thanV2L, the voltage applied to the selected wordline (WL1) 
is controlled to be Vrw2, where V2HzVrw2<V3. The dis 
crimination whether it is "00” or “O1 is performed by using 
the difference of flowing currents. 

In the aforementioned read operation, without changing 
the following applied Voltage conditions according to the 
results using Vrw1, it is also possible for reading information 
to use a means where all read operations are carried out by 
Vrw0, Vrw1, and Vrw2. While the former is suitable for 
increasing speed because the read voltage is applied twice, 
the latter has the feature that the control circuit can be sim 
plified in spite of the fact that read operations need to be done 
three times. 

FIG. 14 explained the case when both assist electrode lines 
(AG1 and AG2) which were not the reading paths were con 
trolled to be a negative Voltage at timing (tO), for instance-2 
V. Reading may be performed by controlling only the assist 
electrode line (AG1) to be a negative Voltage, for instance-2 
V, and maintaining the assist electrode line (AG2) at 0 V, as 
shown in FIG. 15. Accordingly, in the case when the verify 
reading is performed right after the program operation 
described in FIG. 12, only the assist electrode line (AG1) can 
be controlled to be a negative Voltage, for instance -2 V. 
following the program operation, so that there is the effect 
that the overhead time can be reduced during the verify read 
1ng. 

In this embodiment, it is possible to apply a desired positive 
or negative Voltage to the assist electrode line and the word 
line by having the configuration of a block decoder shown in 
FIG.9, for instance. 
The above was explained on the precondition that the stor 

age node consists of a continuous film of polycrystalline 
silicon, but the storage node may be composed of a plurality 
of fine particles. Moreover, the storage node may be com 
posed of a plurality of fine particles of other semiconductor 
and metallic materials. Moreover, fine particles of an insulat 
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ing material having a charge trap may also be used. If the fine 
particles are used, the storage nodes are insulated from each 
other, so that it is not necessary to separate each other by 
patterning like a storage node composed of a continuous film 
of polycrystalline silicon. As a result, it has the feature that 
patterning becomes easier and the process margin increases. 
Moreover, since such process simplicity can be obtained even 
if an insulator film such as SiN which has a trap is employed, 
this may also be used. Etching of SiN is possible, in which 
SiN has a selection ratio against a SiO film, and it has Supe 
rior characteristics with respect to patterning compared with 
a fine particle charge trapping region. On the other hand, the 
fine particle charge trapping region can be surrounded by the 
other insulating material such as SiO, which does not have a 
trap, so that it is generally possible to select a material in 
which charge transfer hardly occurs and it has excellent reten 
tion properties. As a result, it is suitable for multilevel storage 
having a small threshold margin. Therefore, it is preferable 
for applications in which a plurality of information is stored 
by injected charge and where it is desirable to suppress the 
fluctuation in properties. Moreover, a nitrogen-doped SiO, 
film may be used for the interpoly film between the storage 
node and the word line in lieu of a SiO, film. It has the feature 
that the trap is not created easily compared with a simple SiO, 
film in the case of programming/erasing and the fluctuations 
in properties are small. Moreover, a stacked structure of SiO, 
and silicon nitride film may be taken. Such a stacked structure 
also has the feature that a current does not flow relatively 
easily while applying a high electric field and the memory 
element has excellent reliability. The above descriptions 
about the configuration of the charge trapping region and the 
configuration of the interpoly film are all similar in other 
embodiments. 

Third Embodiment 

The third embodiment of the present invention will be 
described by using FIGS. 16 to 18. 
Compared with FIG. 1 of the first embodiment, the cross 

sectional drawing of a memory cell shown in FIG. 16 has a 
feature that the diffusion layer wirings (LBL0, LBL1, and 
LBL2) are formed at the surface of the silicon substrate 
between the storage node and the assist electrode line. 

FIG. 17 is an equivalent circuit of the memory cell. FIG. 17 
also shows an example of the bias condition in the case when 
programming is performed to the memory cell (M01). In the 
case when programming is performed to the memory cell 
(M01), a positive high voltage of about 15 V is applied to the 
corresponding word line (WLO): 0 V is applied to the diffu 
sion layer wiring (LBL1); and 4.5V is applied to the diffusion 
layer wiring (LBL2). Moreover, a current can be made to flow 
through the memory cell (M01) in the space between the 
diffusion layer wiring (LBL1) and (LBL2) by controlling the 
assist electrode line (AG1) to be 1 V. At this time, electric field 
concentration occurs at the boundary of the weak inversion 
region underneath the assist electrode line (AG1) and the 
inversion layer underneath the memory cell (M01), resulting 
in hot electrons being created. The hot electrons created are 
induced by the electric field generated by a high voltage of the 
selected word line (WLO) in a direction perpendicular to the 
Substrate and are injected in the storage node of the adjacent 
memory cell (M01). Here, since the resistance of the weak 
inversion region underneath the assist electrode line (AG1) is 
high, the current flowing between the diffusion layer wiring 
(LBL1) and the diffusion layer wiring (LBL2)is not so large, 
so that the ratio of the injected electrons to the storage node 
can be made greater considering the flowing current. Accord 
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ingly, the current does not become too great even during the 
simultaneous program operation of a plurality of cells; there 
fore, it is favorable for a file application in which input/output 
of a large bit count is performed at the same time. 

In the case when programming is performed to the memory 
cell, flowing a leakage current from the diffusion layer wiring 
(LBL2) to the diffusion layer wiring (LBL3) through the 
memory cell (M02) can be suppressed by controlling the 
assist electrode line (AGO) to be a negative voltage, for 
instance -2V. Accordingly, there is a result that not only can 
useless current consumption be suppressed during program 
ming, but also the deterioration of programming characteris 
tics of the target memory cell can be controlled. 
The read operation of memory cell (M01) will be described 

by using FIG. 18. In the case when reading is performed to the 
memory cell (M01), a predetermined voltage is applied to the 
corresponding word line (WLO). Herein, the predetermined 
Voltage may be, for instance, the Voltage condition shown in 
Table 1. At the same time, positive voltages of OV, 1.2V, and 
about 4V are applied to the diffusion layer wiring (LBL1), the 
diffusion layer wiring (LBL2), and the assist electrode line 
(AG1), respectively. Herein, in the case when the threshold 
voltage of the memory cell (M01) is higher than the voltage 
applied to the word line (WLO), the memory cell (M01) is in 
an OFF state. As a result, current does not flow between the 
diffusion layer wiring (LBL1) and the diffusion layer wiring 
(LBL2). On the other hand, in the case when the threshold 
voltage of the memory cell (M01) is lower than the voltage 
applied to the selected word line (WLO), the memory cell 
(M01) is in an ON state, so that current flows between the 
diffusion layer wiring (LBL1) and the diffusion layer wiring 
(LBL2). Specifically, the threshold voltage of the memory 
cell (M01) can be discriminated by the current flowing 
between the diffusion layer wiring (LBL1) and the diffusion 
layer wiring (LBL2). 
As mentioned above, flowing a leakage current from the 

diffusion layer wiring (LBL2) to the diffusion layer wiring 
(LBL3) through the memory cell (M02) can be suppressed by 
controlling the assist electrode line (AG0) to be a negative 
Voltage, for instance -2V. As a result, controlling the flow of 
the current in parts other than the target memory cell for 
reading becomes possible, with the result that highly accurate 
read operations can be achieved. 

This embodiment described the bias conditions for pro 
gramming and reading. However, in the case when the 
memory cell of this embodiment is a multilevel memory 
which can keep two bits of information percell, programming 
and reading can be performed in the sequence described in the 
first embodiment. 
The above was explained on the precondition that the stor 

age node consists of a continuous film of polycrystalline 
silicon, but the storage node may be composed of a plurality 
of fine particles. Moreover, the storage node may be com 
posed of a plurality of fine particles of other semiconductor 
and metallic materials. Moreover, fine particles consisting of 
an insulating material having a charge trap may also be used. 
If the fine particles are used, the storage nodes are insulated 
from each other, so that it is not necessary to separate each 
other by patterning like a storage node composed of a con 
tinuous film of polycrystalline silicon. As a result, it has the 
feature that patterning becomes easier and the process margin 
increases. Moreover, since Such process simplicity can be 
obtained even if an insulator film such as SiN which has a trap 
is employed, this may also be used. Etching of SiN is possible, 
in which SiN has a selection ratio against a SiO film, and it 
has Superior characteristics with respect to patterning com 
pared with a fine particle charge trapping region. On the other 
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hand, the fine particle charge trapping region can be Sur 
rounded by the other insulating material such as SiO, which 
does not have a trap, so that it is generally possible to select a 
material in which charge transfer hardly occurs and it has 
excellent retention properties. As a result, it is suitable for 
multilevel storage having a small threshold margin. There 
fore, it is preferable for applications in which a plurality of 
information is stored by injected charge and where it is desir 
able to suppress the fluctuation in properties. Moreover, a 
nitrogen-doped SiO film may be used for the interpoly film 
between the storage node and the word line in lieu of a SiO, 
film. It has the feature that the trap is not created easily 
compared with a simple SiO film in the case of program 
ming/erasing and the fluctuation in properties is Small. More 
over, a stacked structure of SiO, and silicon nitride film may 
be taken. Such a stacked structure also has the feature that a 
current does not flow relatively easily while applying a high 
electric field and the memory element has excellent reliabil 
ity. The above descriptions about the configuration of the 
charge trapping region and the configuration of the interpoly 
film are all similar in other embodiments. 

Fourth Embodiment 

The fourth embodiment of the present invention will be 
described by using FIGS. 19 to 20. The 2-bit/cell type inte 
gration nonvolatile semiconductor memory device shown in 
FIG. 19 has a configuration in which two memory cells hav 
ing the storage nodes (FG1) and (FG2) composed of poly 
crystalline silicon and the control gate electrodes (CG1 and 
CG2) are formed on the silicon substrate (SUB); the diffusion 
layer wirings (LBL1 and LBL2) connected to the source 
line/bit line are formed outside thereof, as well as a Switch 
transistor having the assist electrode line (AG) is formed 
between the aforementioned two memory cell transistors. 

The aforementioned memory transistors share the one 
aforementioned switch transistor. This switch transistor is 
formed self-aligned between the two memory cell transistors, 
and is not considered to bring an increase in the area. This 
2-bit/cell realizes the integration of a self-aligned 1.5 transis 
tor configuration per bit. In the case when programming and 
reading are performed in the 2 bit-memory in the one cell 
shown in FIG. 19, the directions of the current flowing in the 
channels are reverse-directed to each other in the 2 bits/cell 
type memory cell. FIG. 20 is an equivalent circuit of an array 
configuration using the memory cell shown in FIG. 19. Bias 
conditions for programming and reading are also described in 
the figure. 

First, a program operation will be described. Herein, the 
case of programming to the memory cell (A1) shown in FIG. 
20 will be described. In the case when programming is per 
formed in the memory cell (A1), a positive high Voltage, for 
instance, 13 V, is applied to the selected word line (WL2), and 
a positive Voltage, for instance, 8V. is applied to the word line 
(WL1) of the same cell. OV or a lower negative voltage, for 
instance -2V. is applied to word lines (WL0, WL3, and WL4) 
other than those above. Moreover, 0 V is applied to the local 
bit line (LBL1) which becomes a source of the memory cell 
(A1), and a voltage of about 4V is applied to the local bit line 
(LBL2) which becomes a drain. Furthermore, applying a 
voltage of about 1.5 V to the selected assist electrode line 
(AG1) brings the local bit line (LBL1) and the local bit line 
(LBL2) into conduction, resulting in current flowing in the 
memory cell (A1). At this time, electric field concentration 
occurs at the boundary of the weak inversion region under 
neath the assist electrode line (AG1) and the inversion layer 
underneath the memory cell (A1), resulting in hot electrons 
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being created. The hot electrons created are induced by the 
electric field generated by the voltage of the selected word 
line (WL2) in a direction perpendicular to the substrate and 
are injected into the storage node of the adjacent memory cell 
(A1). Since the resistance of the weak inversion region under 
neath the assist electrode line (AG1) is high, the current 
flowing between the local bit line (LBL1) and the local bit line 
(LBL2) is not so large, so that the ratio of the injection 
electrons to the storage node can be made greater considering 
the flowing current. Accordingly, the current does not become 
too great even during the simultaneous program operation of 
a plurality of cells, therefore, it is favorable for a file applica 
tion in which input/output of a large bit count is performed at 
the same time. 

In the present invention, the aforementioned program 
operation is characterized by controlling the assist electrode 
lines (AG0 and AG2) except for the selected assist electrode 
line (AG1) to be a negative voltage, for instance about -2 V. 
Thus, by controlling the unselected assist electrode lines 
(AG0 and AG2) to be negative Voltages, one Suppresses a 
leakage current flowing between the local bit line (LBL1) and 
the local bit line (LBL2) through the memory cell (B1) 
arranged in parallel with the selected memory cell (A1) and 
the memory cell (B2) which shares an assist electrode line 
with the memory cell (B1). As a result, there are the effects 
that the current consumption during programming can be 
Suppressed and the deterioration of the programming charac 
teristics of the target memory cell (A1) for programming can 
also be suppressed. 

Moreover, the present invention is characterized by con 
trolling the unselected word lines (WL0, WL3, and WL4) 
except for the selected word line (WL1 and WL2) to be a 
negative Voltage, for instance -2 V. Thus, by controlling the 
unselected word lines (WL0, WL3, and WL4) to be negative 
Voltages one Suppresses a leakage current flowing from the 
local bit line (LBL2) to the local bit line (LBL3) through the 
memory cells (C1 and C2) which share an assist electrode line 
(AG1) with the selected memory cell (A1). As a result, there 
are the effects that the current consumption during program 
ming can be suppressed and the deterioration of the program 
ming characteristics of the target memory cell (A1) for pro 
gramming can also be Suppressed. 

Next, the reading operation will be described. Herein, the 
case ofreading the memory cell (A1) shown in FIG. 20 will be 
described. In the case when reading is performed in the 
memory cell (A1), a predetermined reading Voltage, for 
instance 4 V, is applied to the selected word line (WL2), and 
a positive voltage, for instance 8 V, is applied to the word line 
(WL1) in the same cell. The reason for applying a relatively 
high voltage, for instance 8 V, to the word line (WL1) is due 
to reading the target memory cell (A1) irrespective of the 
threshold voltage condition of the memory cell (A2). OV or a 
low negative Voltage, for instance -2V. is applied to the other 
word lines from these, (WL0, WL3, and WL4). Moreover, 0 
V is applied to the local bit line (LBL1) which becomes a 
source of the memory cell (A1), and a voltage of about 1.2V 
to the local bit line (LBL2) which becomes a drain. Further 
more, a Voltage of about 4V is applied to the selected assist 
electrode line (AG1). At this time, when the threshold voltage 
of the memory cell (A1) is higher than the voltage applied to 
the word line (WL2) (herein, 4 V), the memory cell (A1) 
becomes an OFF state, and the space between the local bit line 
(LBL1) and the local bit line (LBL2) is brought into non 
conduction. On the other hand, in the case when the threshold 
voltage of the memory cell (A1) is lower than the voltage 
applied to the word line (WL2) (herein, 4V), the memory cell 
(A1) becomes ON state, and the space between the local bit 
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line (LBL1) and the local bit line (LBL2) is brought into 
conduction, resulting in electric current flow. Thus, it 
becomes possible to discriminate the threshold Voltage con 
dition of memory cell (A1) by whether current flows between 
the local bit line (LBL1) and the local bit line (LBL2). 

In the present invention, the aforementioned reading 
operation is characterized by controlling the assist electrode 
lines (AG0 and AG2) except for the selected assist electrode 
line (AG1) to be a negative voltage, for instance -2 V. Thus, 
by controlling the unselected assist electrode lines (AG0 and 
AG2) to be negative Voltages, one Suppresses a leakage cur 
rent flowing between the local bit line (LBL1) and the local 
bit line (LBL2) through the memory cell (B1) arranged in 
parallel with the selected memory cell (A1) and the memory 
cell (B2) which shares an assist electrode line with the 
memory cell (B1). As a result, there is the effect that the target 
memory cell can be read with higher accuracy. 

Moreover, the present invention is characterized by con 
trolling the unselected word lines (WL0, WL3, and WL4) 
except for the selected word line (WL1 and WL2) to be a 
negative Voltage, for instance -2V. Thus, by controlling the 
unselected word lines (WL0, WL3, and WL4) to be negative 
Voltages, one Suppresses a leakage current flowing from the 
local bit line (LBL2) to the local bit line (LBL3) through the 
memory cells (C1 and C2) which share the assist electrode 
line (AG1) with the selected memory cell (A1). As a result, 
there is the effect that the target memory cell can be read with 
higher accuracy. 

Fifth Embodiment 

The fifth embodiment of the present invention will be 
described by using FIGS. 21 to 22. The memory cell shown in 
FIG. 21 consists of a memory cell transistor part (Trmc) 
which has a gate insulator film (SiN) discretely including 
traps and a memory gate electrode (MG), and Switch transis 
tor parts (TrSw) which have assist electrode lines (AG1 and 
AG2) provided at both sides thereof. This memory cell is one 
where local programming is performed to the gate insulator 
film (SiN) which discretely includes traps as a storage part for 
storing information charge, and where multilevel storage is 
achieved in which one memory cell thereof stores at least 
information of 2 bits. In order to realize the source side 
injection, the memory cell has the Switch transistor parts 
(TrSw) provided with the assist electrode lines (AG1 and 
AG2) and is formed self-aligned with the memory transistor 
part (Trmc). FIG. 22 is an equivalent circuit of an array 
configuration using the memory cell shown in FIG. 21. The 
bias condition for programming and reading is also described 
in the figure. 

First, the program operation will be described. Herein, the 
case of programming to the memory cell (A1) shown in FIG. 
22 will be described. In the case when programming is per 
formed in the memory cell (A1), the selected word line 
(WLO) is controlled to be about 6V, and the other unselected 
word line (WL1) is controlled to be a negative voltage, for 
instance -2 V. Moreover, voltages of 1.5V and about 3 V are 
applied to the source side assist electrode line (AG0) of 
selected memory cell (A1) and the drain side assist electrode 
line (AG1) thereof, respectively, and a negative Voltage, for 
instance-2V. is applied to the unselected assist electrode line 
(AG2). Moreover, 0 V is applied to the local bit line (LBL0) 
which becomes the source of the memory cell (A1) and about 
3 V is applied to the local bit line (LBL1) which becomes the 
drain. The space between the local bit line (LBL1) and the 
local bit line (LBL2) is brought into conduction under such 
Voltage conditions, resulting in a current flowing in the 
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22 
memory cell (A1). At this time, field concentration occurs at 
the border of the weak inversion region underneath the assist 
electrode line (AG0) and the inversion layer underneath the 
memory cell (A1), resulting in hot electrons being created. 
The hot electrons created are induced by the electric field 
generated by the voltage of the selected word line (WLO) in a 
direction perpendicular to the Substrate and are injected into 
the storage node of the adjacent memory cell (A1). Since the 
electrical resistance of the weak inversion region underneath 
the assist electrode line (AG0) is high, the current that flows 
between the local bit line (LBL0) and the local bit line (LBL1) 
is not so large, so that the ratio of the injected electrons to the 
storage node can be made greater considering the flowing 
current. Accordingly, the current does not become too great, 
even during the simultaneous program operation of a plurality 
of cells; therefore, it is favorable for a file application in which 
input/output of a large bit count is performed at the same time. 

In the present invention, the aforementioned program 
operation is characterized by controlling the assist electrode 
lines (AG2) except for the selected assist electrode lines (AG0 
and AG1) to be a negative Voltage, for instance about -2 V. 
Thus, by controlling the unselected assist electrode line 
(AG2) to be a negative Voltage, one Suppresses a leakage 
current flowing between the local bit line (LBL1) and the 
local bit line (LBL2) through the memory cell (D1) and the 
memory cell (D2) which are both connected to the common 
word line (WLO) with the selected memory cell (A1). As a 
result, there are the effects that the current consumption dur 
ing programming can be suppressed and the deterioration of 
the programming characteristics of the target memory cell 
(A1) for programming can also be Suppressed. 

Moreover, the present invention is characterized by con 
trolling the unselected word line (WL1) except for the 
selected word line (WLO) to be a negative voltage, for 
instance -2 V. Thus, by controlling the unselected word line 
(WL1) one Suppresses a leakage current flowing from the 
local bit line (LBL1) to the local bit line (LBL0) through the 
memory cell (B1) and the memory cell (B2) arranged in 
parallel with the selected memory cell (A1). As a result, there 
are effects that the current consumption during programming 
can be suppressed and the deterioration of the programming 
characteristics of the target memory cell (A1) for program 
ming can also be Suppressed. 

Next, the read operation will be described. Herein, the case 
of reading the memory cell (A1) shown in FIG. 22 will be 
described. In the case when reading is performed in the 
memory cell (A1), a predetermined reading Voltage, for 
instance 3 V, is applied to the selected word line (WLO), and 
a negative Voltage, for instance about -2V. is applied to the 
unselected word line (WL1). Moreover, 3 V and 4.5 V are 
applied to the source side assist electrode line (AG0) of the 
memory cell (A1) and the drain side assist electrode line 
(AG1) thereof, respectively. Furthermore, a negative voltage, 
for instance -2V. is applied to the unselected assist electrode 
line (AG2). At the same time, OV is applied to the local bit line 
(LBL0) which becomes the source of the memory cell (A1), 
and a voltage of about 1.5 V is applied to the local bit line 
(LBL1) which becomes the drain. In this case, when the 
threshold voltage of the memory cell (A1) is higher than the 
voltage applied to the selected word line (WLO) (herein, 3V), 
the memory cell (A1) becomes an OFF state, and the space 
between the local bit line (LBL0) and the local bit line (LBL1) 
is brought into non-conduction. On the other hand, in the case 
when the threshold voltage of the memory cell (A1) is lower 
than the voltage applied to the word line (WLO) (herein, 3V), 
the memory cell (A1) becomes an ON state and the space 
between the local bit line (LBL0) and the local bit line (LBL1) 
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is brought into conduction, resulting in electric current flow. 
Thus, it becomes possible to discriminate the threshold volt 
age condition of the memory cell (A1) by whether current 
flows between the local bit line (LBL0) and the local bit line 
(LBL1). 

In the present invention, the aforementioned read operation 
is characterized by controlling the assist electrode lines 
(AG2) except for the selected assist electrode lines (AG0 and 
AG1) to be a negative voltage, for instance about -2V. Thus, 
by controlling the unselected assist electrode line (AG2) to be 
a negative Voltage, one Suppresses a leakage current flowing 
between the local bit line (LBL1) and the local bit line (LBL2) 
through the memory cell (D1) and the memory cell (D2) 
which are both connected to the common word line (WL0) 
with the selected memory cell (A1). As a result, there is the 
effect that the target memory cell can be read with higher 
accuracy. 

Moreover, the present invention is characterized by con 
trolling the unselected word line (WL1) except for the 
selected word line (WLO) to be a negative voltage, for 
instance -2 V. Thus, by controlling the unselected word line 
(WL1) one Suppresses a leakage current flowing from the 
local bit line (LBL1) to the local bit line (LBL0) through the 
memory cell (B1) and the memory cell (B2) arranged in 
parallel with the selected memory cell (A1). As a result, there 
is the effect that the target memory cell can be read with 
higher accuracy. 

The present invention can be applied to a semiconductor 
memory device. 
What is claimed is: 
1. A semiconductor memory device comprising: 
first, second, and third diffusion layers formed in a semi 

conductor Substrate; 
a first electrode provided between the first and second 

diffusion layers; 
a first storage region provided between the first and second 

diffusion layers; 
a second electrode provided between the second and third 

diffusion layers; and 
a second storage region provided between the second and 

third diffusion layers: 
wherein in a write operation to the first storage region, hot 

electrons generated in the semiconductor Substrate 
between the first electrode and the first storage region are 
injected into the first storage region; and 

wherein in the write operation to the first storage region, a 
first voltage is Supplied to the first electrode, a second 
Voltage Smaller than the first Voltage is Supplied to the 
first diffusion layer, a third voltage larger than the first 
Voltage is Supplied to the second diffusion layer, and a 
first negative Voltage is Supplied to the second electrode. 

2. The semiconductor memory device according to claim 1, 
wherein in the write operation to the first storage region, 

the first voltage is supplied to the third diffusion layer. 
3. The semiconductor memory device according to claim 1, 

further comprising: 
a word line formed above the first and second storage 

regions: 
wherein in the write operation to the first storage region, a 

fourth Voltage larger than the third Voltage is Supplied to 
the word line. 
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4. The semiconductor memory device according to claim 1, 
wherein the word line is formed across the first and second 

electrodes. 
5. The semiconductor memory device according to claim 1, 
wherein the first storage region is arranged between the 

first electrode and the second diffusion layer; and 
wherein the second storage region is arranged between the 

second electrode and the third diffusion layer. 
6. The semiconductor memory device according to claim 1, 
wherein in a read operation of information stored in the first 

storage region, a second negative Voltage is Supplied to 
the second electrode. 

7. The semiconductor memory device according to claim 6. 
wherein the first negative Voltage is equal to the second 

negative Voltage. 
8. A semiconductor memory device comprising: 
first, second, and third diffusion layers formed in a semi 

conductor Substrate; 
a first electrode provided between the first and second 

diffusion layers; 
a first storage region provided between the first and second 

diffusion layers; 
a second electrode provided between the second and third 

diffusion layers; and 
a second storage region provided between the second and 

third diffusion layers: 
wherein in a write operation to the first storage region, hot 

electrons generated in the semiconductor Substrate 
between the first electrode and the first storage region are 
injected into the first storage region; and 

wherein in the write operation to the first storage region, a 
first voltage for storing information is supplied to the 
first electrode, and a Voltage Supplied to the second 
electrode is changed from an initial Voltage to a prede 
termined Voltage which Suppresses leakage current flow 
between the second and third diffusion layers. 

9. The semiconductor memory device according to claim8, 
wherein in the write operation to the first storage region, a 

Voltage Smaller than the first Voltage is Supplied to the 
first diffusion layer, and a Voltage larger than the first 
Voltage is Supplied to the second diffusion layer. 

10. The semiconductor memory device according to claim 

wherein the Voltage which Suppresses leakage current flow 
is a first negative Voltage. 

11. The semiconductor memory device according to claim 

wherein the first storage region is arranged between the 
first electrode and the second diffusion layer; and 

wherein the second storage region is arranged between the 
second electrode and the third diffusion layer. 

12. The semiconductor memory device according to claim 

wherein in a read operation of information stored in the first 
storage region, a second negative Voltage is Supplied to 
the second electrode. 

13. The semiconductor memory device according to claim 
12, 

wherein the first negative Voltage is equal to the second 
negative Voltage. 
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